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(57) Abstract: A hybrid ARQ retransmission method in a communication system, wherein data packets being encoded with a for- 
ward error correction (FEC) technique prior to transmission, are retransmitted based on an automatic repeat request and subsequently 
soft-combined with previously received erroneous data packets either on a symbol -by-symbol or a bit-by-bit basis. The symbols of 
said erroneous data packets are modulated by employing a predetermined first signal constellation. The symbols of the retransmitted 
data packets are modulated by employing at least a predetermined second signal constellation. Each symbol bit has a mean bit relia- 
bility defined by the individual bit reliabilities over all symbols of the predetermined signal constellation. According to the invention, 
the predetermined first and the at least second signal constellation are selected such that the combined mean bit reliabilities for the 
respective bits of all transmissions are averaged out 
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DESCRIPTION 

The present invention relates to a hybrid ARQ retransmission method in a communi- 
cation system according to the preamble part of claim 1 . 

A common technique in communication systems with unreliable and time-varying 
channel conditions is to correct errors based on automatic repeat request (ARQ) 
schemes together with a forward error correction (FEC) technique called hybrid ARQ 
(HARQ). If an error is detected by a commonly used cyclic redundancy check (CRC), 
the receiver of the communication system requests the transmitter to resend the er- 
roneously received data packets. 

S. Kallel, Analysis of a type II hybrid ARQ scheme with code combining, IEEE Trans- 
actions on Communications, Vol.38, No. 8, August 1990 and S. Kallel, R. Link, S. 
Bakhtiyari, Throughput performance of Memory ARQ schemes, IEEE Transactions 
on Vehicular Technology, Vol.48, No. 3, May 1999 define three different types of 
ARQ schemes: 

■ Type I: The erroneous received packets are discarded and a new copy of the 
same packet is retransmitted and decoded separately. There is no combining of 
earlier and later received versions of that packet. 

■ Type II: The erroneous received packets are not discarded, but are combined 
with some incremental redundancy bits provided by the transmitter for subse- 
quent decoding. Retransmitted packets sometimes have higher coding rates and 
are combined at the receiver with the stored values. That means that only little 
redundancy is added in each retransmission. 

■ Type III: Is the same as Type II with the constraint each retransmitted packet is 
now self-decodable. This implies that the transmitted packet is decodable without 
the combination with previous packets. This is useful if some packets are dam- 
aged in such a way that almost no information is reusable. 

Types II and III schemes are obviously more intelligent and show a performance gain 
with respect to Type l f because they provide the ability to reuse information from of 
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previously received erroneous packets. There exist basically three schemes of reus- 
ing the redundancy of previously transmitted packets: 

■ Soft-Combining 

■ Code-Combining 

■ Combination of Soft- and Code-Combining 
Soft-Combining 

Employing soft-combining the retransmission packets carry identical symbols com- 
pared with the previously received symbols. In this case the multiple received pack- 
ets are combined either by a symbol-by-symbol or by a bit-by-bit basis as for exam- 
ple disclosed in D. Chase, Code combining: A maximum-likelihood decoding ap- 
proach for combining an arbitrary number of noisy packets, IEEE Trans. Commun., 
Vol. COM-33, pp. 385-393, May 1985 or B.A. Harvey and S. Wicker, Packet Com- 
bining Systems based on the Viterbi Decoder, IEEE Transactions on Communica- 
tions, Vol. 42, No. 2/3/4, April 1994. By combining this soft-decision values from all 
received packets the reliabilities of the transmitted bits will increase linearly with the 
number and power of received packets. From a decoder point of view the same FEC 
scheme (with constant code rate) will be employed over all transmissions. Hence, 
the decoder does not need to know how many retransmissions have been per- 
formed, since it sees only the combined soft-decision values. In this scheme all 
transmitted packets will have to carry the same number of symbols. 

Code-Combining 

Code-combining concatenates the received packets in order to generate a new code 
word (decreasing code rate with increasing number of transmission). Hence, the de- 
coder has to be aware of the FEC scheme to apply at each retransmission instant. 
Code-combining offers a higher flexibility with respect to soft-combining, since the 
length of the retransmitted packets can be altered to adapt to channel conditions. 
However, this requires more signaling data to be transmitted with respect to 
soft-combining. 
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Combination of Soft- and Code-Combining 

In case the retransmitted packets carry some symbols identical to previously trans- 
mitted symbols and some code-symbols different from these, the identical 
code-symbols are combined using soft-combing as described in the section titled 
"Soft Combining" while the remaining code-symbols will be combined using 
code-combining. Here, the signaling requirements will be similar to code-combining. 

As it has been shown in MP. Schmitt, Hybrid ARQ Scheme employing TCM and 
Packet Combining, Electronics Letters Vol. 34, No. 18, September 1998 that HARQ 
performance for Trellis Coded Modulation (TCM) can be enhanced by rearranging 
the symbol constellation for the retransmissions. There, the performance gain results 
from the maximizing the Euclidean distances between the mapped symbols over the 
retransmissions, because the rearrangement has been performed on a symbol basis. 

Considering high-order modulation schemes (with modulation symbols carrying more 
than two bits) the combining methods employing soft-combining have a major draw- 
back: The bit reliabilities within soft-combined symbols will be in a constant ratio over 
all retransmissions, i.e. bits which have been less reliable from previous received 
transmissions will still be less reliable after having received further transmissions and, 
analogous, bits which have been more reliable from previous received transmissions 
will still be more reliable after having received further transmissions. 

The varying bit reliabilities evolve from the constraint of two-dimensional signal con- 
stellation mapping, where modulation schemes carrying more than 2 bits per symbol 
cannot have the same mean reliabilities for all bits under the assumption that all 
symbols are transmitted equally likely. The term mean reliabilities is consequently 
meant as the reliability of a particular bit over all symbols of a signal constellation. 

Employing a signal constellation for a 16 QAM modulation scheme according to Fig- 
ure 1 showing a Gray encoded signal constellation with a given bit-mapping order 
hqihq2, the bits mapped onto the symbols differ from each other in mean reliability in 
the first transmission of the packet In more detail, bits A and qri have a high mean 
reliability, as these bits are mapped to half spaces of the signal constellation diagram 
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with the consequences that their reliability is independent from the fact of whether the 
bit transmits a one or a zero. 

In contrast thereto, bits k and q 2 have a low mean reliability, as their reliability de- 
pends on the fact of whether they transmit a one or a zero. For example, for bit i z 
ones are mapped to outer columns, whereas zeros are mapped to inner columns. 
Similarly, for bit q 2 , ones are mapped to outer rows, whereas zeros are mapped to 
inner rows. 



For the second and each further retransmissions the bit reliabilities will stay in a con- 
stant ratio to each other, which is defined by the signal constellation employed in the 
first transmission, i.e. bits i\ and will always have a higher mean reliability than bits 
/2 and q 2 after any number of retransmissions. 

The object underlying the present invention is to provide a hybrid ARQ retransmis- 
sion method with an improved error correction performance. This object is solved by 
a method as set forth in claim 1 . 

The method subject to the invention is based on the recognition that in order to en- 
hance the decoder performance, it would be quite beneficial to have equal or near to 
equal mean bit reliabilities after each received transmission of a packet. Hence, the 
idea underlying the invention is to tailor the bit reliabilities over the retransmissions in 
a way that the mean bit reliabilities get averaged out. This is achieved by choosing a 
predetermined first and at least second signal constellation for the transmissions, 
such that the combined mean bit reliabilities for the respective bits of all transmis- 
sions are nearly equal. 

Hence, the signal constellation rearrangement results in a changed bit mapping, 
wherein the Euclidean distances between the modulation symbols can be altered 
from retransmission to retransmission due to the movement of the constellation 
points. As a result, the mean bit reliabilities can be manipulated in a desired manner 
and averaged out to increase the performance the FEC decoder at the receiver. 
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For a more in depth understanding of the present invention, preferred embodiments 
will be described in the following with reference to the accompanying drawings. 

Figure 1 is an exemplary signal constellation for illustrating a 16 QAM modulation 
scheme with Gray encoded bit symbols, 

figure 2 shows four examples for signal constellations for a 16 QAM modulation 
scheme with Gray encoded bit symbols, 

figure 3 shows an exemplary signal constellation for 64-QAM Gray encoded bit sym- 
bols, 

figure 4 shows six exemplary signal constellations for 64-QAM Gray encoded bit 
symbols 

figure 5 is an exemplary embodiment of a communication system in which the 
method underlying the invention is employed, and 

figure 6 explains details of the mapping unit shown in figure 5. 

For a better understanding of the embodiments, in the following the concept of a Log- 
Likelihood-Ratio (LLR) will be described as a metric for the bit reliabilities. First the 
straight forward calculation of the bit LLRs within the mapped symbols for a single 
transmission will be shown. Then the LLR calculation will be extended to the multiple 
transmission case. 

Single Transmission 

The mean LLR of the /-th bit b n ' under the constraint that symbol s„ has been trans- 
mitted for a transmission over a channel with additive white gaussian noise (AWGN) 
and equally likely symbols yields 
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where r„ = s n denotes the mean received symbol under the constraint the symbol s„ 
has been transmitted (AWGN case), d n , m 2 denotes the square of the Euclidean dis- 
tance between the received symbol r„ and the symbol s m , and Es/N 0 denotes the ob- 
served signal-to-noise ratio. 

It can be seen from Equation (1) that the LLR depends on the signal-to-noise ratio 
Es/No and the Euclidean distances d„, m between the signal constellation points. 

Multiple Transmissions 

Considering multiple transmissions the mean LLR after the k-th transmission of the 
/-th bit b n ' under the constraint that symbols s„ w have been transmitted over inde- 
pendent AWGN channels and equally likely symbols yields 



LLR , , 6-0) r (2) 



)=log 



, 2> 



-log 



2> 
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wherey denotes they-th transmission ((/- 1)-th retransmission). Analogous to the sin- 
gle transmission case the mean LLRs depend on the signal-to-noise ratios and the 
Euclidean distances at each transmission time. 



If no constellation rearrangement is performed the Euclidean distances d nim «> = d n , m (1) 
are constant for all transmissions and, hence, the bit reliabilities (LLRs) after k trans- 
missions will be defined by the observed signal-to-noise ratio at each transmission 
time and the signal constellation points from the first transmission. For higher level 
modulation schemes (more than 2 bits per symbol) this results in varying mean LLRs 
for the bits, which in turn leads to different mean bit reliabilities. The differences in 
mean reliabilities remain over all retransmissions and lead to a degradation in de- 
coder performance. 
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16-QAM Strategy 

In the following, the case of a 16-QAM system will be exemplarily considered result- 
ing in 2 high reliable and 2 low reliable bits, where for the low reliable bits the reliabil- 
ity depends on transmitting a one or a zero (see Figure 1). Hence, overall there exist 
3 levels of reliabilities. 

Level 1 (High Reliability, 2 bits): Bit mapping for ones (zeros) separated into the 
positive (negative) real half space for the i-bits and the imaginary half space the q- 
bits. Here, there is no difference whether the ones are mapped to the positive or to 
the negative half space. 

Level 2 (Low Reliability, 2 bits): Ones (zeros) are mapped to inner (outer) columns 
for the i-bits or to inner (outer) rows for the q-bits. Since there is a difference for the 
LLR depending on the mapping to the inner (outer) columns and rows, Level 2 is 
further classified: 

Level 2a: Mapping of i n to inner columns and q n to inner rows respectively. 

Level 2b: Inverted mapping of Level 2a: Mapping of i n to outer columns and q n to 
outer rows respectively. 

To ensure an optimal averaging process over the transmissions for all bits the levels 
of reliabilities have to be altered by changing the signal constellations according to 
the algorithms given in the following section. 

It has to be considered that the bit-mapping order is open prior initial transmission, 
but has to remain through retransmissions, e.g. bit-mapping for initial transmission: 
iiqii2q2 => bit-mapping all retransmissions: iiqii 2 q2. 

For the actual system implementation there are a number of possible signal constel- 
lations to achieve the averaging process over the retransmissions. Some examples 
for possible constellations are shown in Figure 2. The resulting bit reliabilities ac- 
cording to Figure 2 are given in Table 1. 
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Constella- 
tion 



bit i-, 



bit qi 



bit i 2 



bitq 2 



High Reliability 
(Level 1) 



High Reliability 
(Level 1) 





High Reliability 
(Level 1) 



High Reliability 
(Level 1) 



High Reliability 
(Level 1) 



High Reliability 
(Level 1) 



High Reliability 
(Level 1) 



High Reliability 
(Level 1) 




Table 1 . Bit reliabilities for 16-QAM according to signal constellations shown in Figure 2 



Moreover, Table 2 provides some examples how to combine the constellations for 
the transmissions 1 to 4 (using 4 different mappings). 



Transmis- 
sion No. 


Scheme 1 
(with Con- 
stellations) 


Scheme 2 
(with Con- 
stellations) 


Scheme 3 (with 
Constellations) 


Scheme 4 
(with Con- 
stellations) 


1 


1 


1 


1 


1 


2 


2 


2 


3 


3 


3 


3 


4 


2 


4 


4 


4 


3 


4 


2 



Table 2. Examples for Constellation Rearrangement strategies for 16-QAM (using 4 
mappings) with signal constellations according to Figure 2 and bit reliabilities accordina to 
Table 1. 



Two algorithms are given which describe schemes using 2 or 4 mappings overall. 
The approach using 2 mappings results in less system complexity, however has 
some performance degradation with respect to the approach using 4 mappings. The 
mapping for i- and q-bits can be done independently and, hence, in the following the 
mapping for the i-bits only is described. The algorithms for the q-bits work analog. 

16-QAM Algorithms 

A. Using 2 Mappings 
1. Step (1. Transmission) 
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=> 1. Mapping defined 

2. Step (2. Transmission) 

Choose Level 1 for i 2 => Level 2 for ii - free choice if 2a or 2b 
=> 2. Mapping defined 

3. Step 
Options: 

(a) Go to 1 . Step and proceed with alternating between 1 . and 2. Mapping 

(b) Use 2. Mapping and proceed with using 2 times 1 . Mapping, 2 times 2. Mapping 
and so on ... 

B. Using 4 Mappings 

1. Step (1. Transmission) 

Choose Level 1 for ii => Level 2 for i 2 - free choice if 2a or 2b 
=> 1. Mapping defined 

2. Step (2. Transmission) 

Choose Level 1 for i 2 Level 2 for h - free choice if 2a or 2b 
=> 2. Mapping defined 

3. Step (3. Transmission) 
Options: 

(a) Choose Level 1 for h => Level 2 for i 2 with following options 

(a1 ) if in 1 . Transmission 2a was used then use 2b 
(a2) if in 1 . Transmission 2b was used then use 2a 

(b) Choose Level 1 for i 2 => Level 2 for ii with following options 

(b1 ) if in 2. Transmission 2a was used then use 2b 
(b2) if in 2. Transmission 2b was used then use 2a 
=> 3. Mapping defined 

4. Step (4. Transmission) 
if option (a) in 3. Step 

Choose Level 1 for i 2 => Level 2 for ii with following options 
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(a2) if in 2. Transmission 2b was used then use 2a 
if option (b) in 3. Step 

Choose Level 1 for h => Level 2 for i 2 with following options 
(a1 ) if in 1 . Transmission 2a was used then use 2b 
(a2) if in 1. Transmission 2b was used then use 2a 

=> 4. Mapping defined 

5. Step (5., 9., 13., ... Transmission) 
Choose one out of 4 defined mappings 

6. Step (6., 10., 14., ... Transmission) 
Choose one out of 4 defined mappings except 

(a) the mapping used in 5. Step (previous transmission) 

(b) the mapping giving Level 1 reliability to the same bit as in previous trans- 
mission 

7. Step (7., 11., 15 Transmission) 

Choose one out of 2 remaining mappings not used in last 2 transmissions 

8. Step (8., 12., 16 Transmission) 

Choose mapping not used in last 3 transmissions 

9. Step 

Go to 5. Step 

64-QAM Strategy 

In case of a 64-QAM system there will be 2 high reliable, 2 medium reliable and 2 low 
reliable bits, where for the low and medium reliable bits the reliability depends on 
transmitting a one or a zero (see Figure 3). Hence, overall there exist 5 levels of reli- 
abilities. 
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Level 1 (High Reliability, 2 bits): Bit mapping for ones (zeros) separated into the 
positive (negative) real half space for the i-bits and the imaginary half space for the q- 
bits. Here, there is no difference whether the ones are mapped to the positive or to 
the negative half space. 

Level 2 (Medium Reliability, 2 bits): Ones (zeros) are mapped to 4 inner and 2x2 
outer columns for the i-bits or to 4 inner and 2x2 outer rows for the q-bits. Since there 
is a difference for the LLR depending on the mapping to the inner or outer col- 
umn/row Level 2 is further classified: 

Level 2a: Mapping of i n to 4 inner columns and q„ to 4 inner rows respectively. 

Level 2b: Inverted mapping of 2a: i n to outer columns and q n to outer rows respec- 
tively 

Level 3 (Low Reliability, 2 bits): Ones (zeros) are mapped to columns 1-4-5-8/2-3-6-7 
for the i-bits or to rows 1-4-5-8/2-3-6-7 for the q-bits. Since there is a difference for 
the LLR depending on the mapping to columns/rows 1-4-5-8 or 2-3-6-7 Level 3 is 
further classified: 

Level 3a: Mapping of i n to columns 2-3-6-7 and q n to rows 2-3-6-7 respectively 

Level 3b: Inverted mapping of 2a: i n to columns 1-4-5-8 and q n to rows 1-4-5-8 re- 
spectively 

To ensure an optimal averaging process over the transmissions for all bits the levels 
of reliabilities have to be altered by changing the signal constellations according to 
the algorithms given in the following section. 

It has to be considered that the bit-mapping order is open prior initial transmission, 
but has to remain through retransmissions, e.g. bit-mapping for initial transmission: 
iiqi«2q2 i3q3 => bit-mapping all retransmissions: iiqii2q2 bq3. 
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Analog to 16-QAM for the actual system implementation there are a number of pos- 
sible signal constellations to achieve the averaging process over the retransmissions. 
Some examples for possible constellations are shown in Figure 4. The resulting bit 
reliabilities according to Figure 4 are given in Table 3. 



Constel- 
lation 



bit i-, 



bit 



bit i 2 



bit q 2 




High Reli- 
ability 
(Level 1) 



High Reli- 
ability 
Level 1) 




■■ ability : 



High Reli- 
ability 
(Level 1 
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mm 



High Reli- 
ability 
(Level 




High Reli- 
ability 



High Reli- 
ability 
(Level 1) 



High Reli- 
ability 
(Level 1 



High Reli- 
ability 
(Level 1) 





High Reli- 
ability 
(Level 1) 



High Reli- 
ability 




Table 3. 
4. 



High Reli- 
ability 
(Level 1) 



High Reli- 
ability 
(Level 1) 



Bit reliabilities for 64-QAM according to signal constellations shown in Figure 



Moreover, Table 4 provides some examples how to combine the constellations for 
the transmissions 1 to 6 (using 6 different mappings). 



Transmission 
No. 


Scheme 1 (with 
Constellations) 


Scheme 2 (with 
Constellations) 


Scheme 3 (with 
Constellations) 


Scheme 4 (with 
Constellations) 


1 


1 


1 


1 


1 


2 J 


2 


3 


5 


3 


3 


3 


2 


6 


2 


4 


4 


4 


4 


6 


5 


5 


5 


2 


5 


6 


6 


6 


3 


4 



. a U » H. examples ror constellation Rearrangement strategies for 64-QAM (using 6 
Table 3 9S> Mth S ' 9nal constellations according to Figure 4 and bit reliabilities according to 
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Two algorithms are given which describe schemes using 3 or 6 mappings overall. 
The approach using 3 mappings results in less system complexity, however has 
some performance degradation with respect to the approach using 6 mappings. 
The mapping for i- and q-bits can be done independently and, hence, in the following 
the mapping for the i-bits only is described. The algorithms for the q-bits work analog. 

64-QAM Algorithms 

A. Using 3 Mappings 

1. Step (1. Transmission) 

1 . Step (1 . Transmission) 
Choose Level 1 for h 

Choose Level 2 for i 2 (free choice if 2a or 2b) Level 3 for i 3 - free choice if 3a or 3b 
=> 1. Mapping defined 

2. Step (2. Transmission) 
Options: 

(a) Choose Level 1 for i 2 

Choose Level 2 for i 3 (free choice if 2a or 2b) => Level 3 for h - free choice if 3a or 3b 

(b) Choose Level 1 for i 3 

Choose Level 2 for h (free choice if 2a or 2b) Level 3 for i 2 - free choice if 3a or 3b 
=> 2. Mapping defined 

3. Step (3. Transmission) 
if (a) in 2. Step 
Choose Level 1 for i3 

Choose Level 2 for h (free choice if 2a or 2b) Level 3 for i 2 - free choice if 3a or 3b 
if (b) in 2. Step 
Choose Level 1 for i 2 

Choose Level 2 for h (free choice if 2a or 2b) Level 3 for U - free choice if 3a or 3b 
=> 3. Mapping defined 
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4. Step (4., 7., 10, ... Transmission) 
Choose one out of 3 defined mappings 

5. Step (5., 8., 11, ... Transmission) 

Choose one out of 3 defined mappings except the mapping used in previous trans- 
mission 

6. Step (6., 9., 12, ... Transmission) 

Choose one out of 3 defined mappings except the mapping used in last 2 transmis- 
sions 

7. Step 

Go to 4. Step 

B. Using 6 Mappings 

1. Step (1. Transmission) 
Choose Level 1 for h 

Choose Level 2 for i 2 (free choice if 2a or 2b) => Level 3 for i 3 - free choice if 3a or 3b 
=> 1. Mapping defined 

2. Step (2. Transmission) 
Options: 

(a) Choose Level 1 for i 2 

Choose Level 2 for i 3 (free choice if 2a or 2b) => Level 3 for h - free choice if 3a or 3b 

(b) Choose Level 1 for i 3 

Choose Level 2 for h (free choice if 2a or 2b) => Level 3 for i 2 - free choice if 3a or 3b 
=> 2. Mapping defined 

3. Step (3. Transmission) 
if (a) in 2. Step 
Choose Level 1 for i 3 

Choose Level 2 for ii (free choice if 2a or 2b) => Level 3 for i 2 - free choice if 3a or 3b 
if (b) in 2. Step 
Choose Level 1 for i 2 
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Choose Level 2 for i 3 (free choice if 2a or 2b) => Level 3 for h - free choice if 3a or 3b 
=> 3. Mapping defined 

4. Step (4. Transmission) 

Choose Level 1 for one bit out of h, h or i3 

Choose Level 2 for one out of two remaining bits with following restrictions 

(a1 ) if in one of the previous transmission 2a was used for this bit then use 2b 
(a2) if in one of the previous transmission 2b was used for this bit then use 2a 

=> Level 3 for remaining bit with following restrictions 

(b1 ) if in one of the previous transmission 3a was used for this bit then use 3b 
(b2) if in one of the previous transmission 3b was used for this bit then use 3a 

=> 4. Mapping defined 

5. Step (5. Transmission) 

Choose Level 1 for one out of two bits not having Level 1 in 4. Step 

Choose Level 2 for one out of two bits not having Level 2 in 4. Step with following 

restrictions 

(a1 ) if in one of the previous transmission 2a was used for this bit then use 2b 
(a2) if in one of the previous transmission 2b was used for this bit then use 2a 
Level 3 for remaining bit with following restrictions 

(b1) if in one of the previous transmission 3a was used for this bit then use 3b 
(b2) if in one of the previous transmission 3b was used for this bit then use 3a 
=> 5. Mapping defined 

6. Step (6. Transmission) 

Choose Level 1 for bit not having Level 1 in 4. Step and 5. Step 
Choose Level 2 for bit not having Level 2 in 4. Step and 5. Step with following restric- 
tions 

(a1 ) if in one of the previous transmission 2a was used for this bit then use 2b 
(a2) if in one of the previous transmission 2b was used for this bit then use 2a 

=> Level 3 for remaining bit with following restrictions 

(b1 ) if in one of the previous transmission 3a was used for this bit then use 3b 
(b2) if in one of the previous transmission 3b was used for this bit then use 3a 

=> 6. Mapping defined 
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7. Step (7., 13., 19., ... Transmission) 
Choose one out of 6 defined mappings 

8. Step (8., 14., 20 Transmission) 

Choose one out of 6 defined mappings except 

(a) the mapping used in 7. Step (previous transmission) 

(b) the mapping giving Level 1 reliability to the same bit as in previous trans- 
mission 

9. Step (9., 15., 21., ... Transmission) 

Choose one out of 6 defined mappings with giving Level 1 reliability to the bit not 
having Level 1 in last 2 transmissions 

10. Step (10., 16., 22 Transmission) 

Choose one out of 3 remaining mappings not used in last 3 transmissions 

11. Step (11., 17., 23., ... Transmission) 

Choose one out of 2 remaining mappings not used in last 4 transmissions 

12. Step (12., 18., 24 Transmission) 

Choose remaining mapping not used in last 5 transmissions 

13. Step 

Go to 7. Step 

Figure 5 shows an exemplary embodiment of a communication system to which the 
present invention can be applied. More specifically, the communication system com- 
prises a transmitter 10 and a receiver 20 which communicate through a channel 30 
which can either be wire-bound or wireless, i.e. an air inteface. From a data source 
11, data packets are supplied to a FEC encoder 12, where redundancy bits are 
added to correct errors. The n bits output from the FEC decoder are subsequently 
supplied to a mapping unit 13 acting as a modulator to output symbols formed ac- 
cording to the applied modulation scheme stored as a constellation pattern in a table 
15. Upon transmission over the channel 30, the receiver 20 checks the received data 
packets, for example, by means of a cyclic redundancy check (CRC) for correctness. 
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If the received data packets are erroneous, the same are stored in a temporary buffer 
22 for subsequent soft combining with the retransmitted data packets. 

A retransmission is launched by an automatic repeat request issued by an error de- 
tector (not shown) with the result that an identical data packet is transmitted from the 
transmitter 10. In the combining unit 21, the previously received erroneous data 
packets are soft-combined with the retransmitted data packets. The combining unit 
21 also acts as a demodulator and the same signal constellation pattern stored in the 
table 1 5 is used to demodulate the symbol which was used during the modulation of 
that symbol. 

As illustrated in figure 6, the table 15 stores a plurality of signal constellation patterns 
which are selected for the individual (re)-transmissions according to a predetermined 
scheme. The scheme, i.e. the sequence of signal constellation patterns used for 
modulating/demodulating are either pre-stored in the transmitter and the receiver or 
are signaled by transmitter to the receiver prior to usage. 

As mentioned before, the method underlying the invention rearranges the signal con- 
stellation patterns for the individual (re)-transmissions according to a predetermined 
scheme, such that the mean bit reliabilities are averaged out. Hence, the perform- 
ance of the FEC decoder 23 is significantly improved, resulting in a low bit error rate 
(BER) output from the decoder. 
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CLAIMS 

1. A hybrid ARQ retransmission method in a communication system, wherein 
data packets being encoded with a forward error correction (FEC) technique 
prior to transmission, are retransmitted based on an automatic repeat request 
and subsequently soft-combined with previously received erroneous data 
packets either on a symbol-by-symbol or a bit-by-bit basis, the symbols of said 
erroneous data packets being modulated employing a predetermined first sig- 
nal constellation and the symbols of the retransmitted data packets being 
modulated employing at least a predetermined second signal constellation, 
each symbol bit having a mean bit reliability defined by the individual bit reli- 
abilities over all symbols of the predetermined signal constellation 

characterized in that 

the predetermined first and the at least second signal constellation for the data 
packets are chosen such that the combined mean bit reliabilities for the re- 
spective bits of all transmissions are averaged out. 

The retransmission method according to claim 1, characterized in that the 
respective Euclidean distances between at least two modulated symbols of the 
first and respectively second signal constellation are different. 

The retransmission method according to claim 1 or 2, characterized in that 
the employed modulation scheme is Quadrature Amplitude Modulation (QAM), 
wherein more than two bits are mapped onto one symbol. 

The retransmission method according to one of claims 1-3, characterized in 
that the symbol bits of the data packets are Gray encoded. 
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5. The retransmission method according to claims 1-4, characterized in that the 
employed modulation scheme is 16 QAM and that during modulation one of 
two levels of mean bit reliabilities are assigned to eacK of the four symbol bits. 

6. The retransmission method according to claim 5, characterized in that during 
modulation employing the first signal constellation, two bits of a symbol are 
assigned a high mean bit reliability and the two remaining bits of the symbol 
are assigned a low mean bit reliability and that during modulation employing 
the second signal constellation inverted mean bit reliabilities are assigned to 
the respective symbol bits. 

7. The retransmission method according to claims 1-4, characterized in that the 
employed modulation scheme is 64 QAM and that during modulation one of 
three levels of mean bit reliabilities are assigned to each of the six symbol bits. 

8. The retransmission method according to claim 7, characterized in that during 
modulation employing the fist signal constellation two bits of a symbol are as- 
signed a high mean bit reliability, two further bits are assigned a medium mean 
bit reliability and two remaining bits of the symbol are assigned a low mean bit 
reliability and that during modulation employing the second signal constellation 
and a third signal constellation inverted mean bit reliabilities are assigned to 
respective symbol bits such that the sum of mean bit reliabilities for corre- 
sponding bits over all (re)-transmissions are near to equal. 

9. A receiver in a communication system embodied to carry out the method ac- 
cording to any of claims 1-8, further comprising table means to store the first 
and the at least second signal constellation pattern. 

1 0. The receiver according to claim 9, characterized in that the receiver further 
comprises storage means to store the sequence of signal constellations em- 
ployed for modulating the symbol bits during all (re)-transmissions. 
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11. A transmitter in a communication system embodied to carry out the method 
according to any of claim 1-8, further comprising table means to store the first 
and the at least second signal constellation pattern. 

12. The transmitter according to claim 11 characterized by further comprising 
means to signal the sequence of signal constellations employed for modulating 
the symbol bits for all (re)-transmissions to the receiver. 
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Figure 1 
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